The management of advanced gastric cancer has improved over the past decade. There is more evidence to support the efficacy of systemic treatment in refractory gastric cancer beyond second-line treatment. Important randomized controlled trials of chemotherapies, targeted agents and immunotherapies have been reported. With the development of these novel therapies, clinicians can better individualize treatment for patients beyond progression on second-line therapy. However, there is no guideline on third-line therapy available for clinicians. This review discussed the efficacy and safety data from the pivotal trials of the agents proven to be effective in third-line settings, including the quality of study design, level of evidence and subgroup analysis, and how the data can help to guide clinicians on selecting the most appropriate third-line therapy for their patients.
Introduction
Gastric cancer is the fifth commonest cancer and remains the world's third leading cause of cancer mortality. 1 Surgery is the mainstay of curative treatment in stage I to III gastric cancers. However, more than half of the patients at diagnosis are already too advanced for curative resection. Even for those who are resectable upfront, the recurrence rate is still high at around 40-80%. 2, 3 First-line then second-line palliative chemotherapy is the standard of treatment in patients with advanced/metastatic gastric cancer. A Cochrane review and meta-analysis performed by Wagner demonstrated that chemotherapy extended overall survival (OS) by approximately 6.7 months more than best supportive care [BSC; hazard ratio (HR) 0.3; 95% confidence interval (CI) 0.24-0.55, p < 0.0001]. 4 Standard front-line therapy includes chemotherapy using fluorouracil (5FU) and platinum agents, with the option of adding anthracycline or taxane group agents. In human epidermal growth factor receptor 2 (Her-2) positive advanced gastric cancer, as proven in the TOGA study, adding trastuzumab to platinum-based chemotherapy (cisplatin/carboplatin + 5FU) showed superior efficacy compared with chemotherapy alone (OS: 13.8 versus 11.1 months, HR 0.74; 95% CI 0.60-0.91; p = 0.0046). 5 Several systematic reviews and meta-analyses had confirmed survival advantage of second-line chemotherapy when compared with BSC alone. [6] [7] [8] In Kim and colleagues' meta-analysis, which involved 410 patients, second-line chemotherapy significantly reduced the risk of death when compared with BSC (HR 0.64, 95% CI 0.52-0.79, p < 0.0001). 6 Standard second-line therapies include irinotecan-based and taxane-based (docetaxel or paclitaxel) chemotherapy. Ramucirumab, a vascular endothelial growth factor receptor (VEGFR) monoclonal antibody, has also been established as monotherapy or in combination with paclitaxel in the second-line setting. Several network meta-analyses have been published to compare these second-line regimes. Combination of paclitaxel plus ramucirumab showed superior efficacy in prolonging OS when compared with single-agent chemotherapy or ramucirumab. [9] [10] [11] With the development of new chemotherapies or targeted agents which are potentially more effective and less toxic, many patients can still maintain a good general condition after failing second-line therapies. According to previous studies, around 20-90% patients were able to continue on active third-line or further lines of treatment.
Established third-line therapies include chemotherapies: irinotecan, taxane and TAS-102, tyrosine kinase inhibitors: apatinib and regorafenib, and immune-checkpoint inhibitors (CPIs): nivolumab and pembrolizumab. Given the expanding options for third-line therapies, there is an unmet need for clinicians to individualize treatment. In this review, we discuss the efficacy and safety results from the pivotal trials of the proven third-line therapies, including the study design, level of evidence, subgroup analysis and formulate comprehensive strategies to guide clinicians to select the most appropriate treatment for individual patients. The real-world practice on the use of third-line treatment Data are now emerging to support treatment in the third-line treatment setting. In a large retrospective South Korean study with 1435 patients, 27% of the patients with advanced gastric cancer were treated with systemic third-line treatment. 12 Another analysis of a national health insurance database found that 21% of patients with advanced gastric cancer received third-line chemotherapy and the median OS was 4.4 months. 13 The OS was associated with the progression-free survival (PFS) from first-line chemotherapy to third-line chemotherapy.
Materials and methods
The use of systemic treatment beyond the second-line is less common but is increasingly adopted in western countries. A retrospective review of 511 cases treated in the Royal Marsden Hospital in the United Kingdom from April 2009 to November 2015 reported that 71 patients (14%) received third-line treatment. Of these 71 patients, 2 (3%), 26 (37%), and 42 (60%) received triplet-, doublet-, or single-agent therapy, respectively. 14 In another multicenter, retrospective study involving 2200 patients with advanced gastric cancer treated from May 2000 to February 2015 in 19 Italian oncology departments, 331 patients (15.0%) received a third-line therapy. 15 A total of 45.7% of patients received single-agent chemotherapy while 49.7% received a combo regimen. Patients who achieved a firstline PFS ⩾ 6.9 months or a second-line PFS ⩾ 3.5 months had better prognosis compared with those who did not.
Overall efficacy from meta-analysis
A systematic review and meta-analysis on thirdline systemic treatment involving six randomized controlled trials (RCTs) and 890 participants, of which 76.2% were Asian, showed that third-line treatment improved OS (HR 0.63; 95% CI 0.46-0.87, corresponding to an improvement in median OS from 3.20 to 4.80 months) and PFS (HR 0.29; 95% CI 0.18-0.45) when compared with BSC. 16 The HR for median survival in Asian populations was 0.63 (95% CI 0.45-0.90, p = 0.01) in favor of third-line treatment, corresponding to an improvement in median OS from 3.20 months to 4.83 months. The magnitude in OS benefit in the Asian subgroup was similar to the whole population.
These evidences implied that a proportion of patients could tolerate and gained benefit from a sequenced treatment approach incorporating multiple lines of therapy in both the East and the West. Table 1 shows the summary efficacy data from the pivotal studies.
Agents with proven efficacy in the third-line setting

Chemotherapy
Taxane or irinotecan
Both taxane (paclitaxel/docetaxel) and irinotecan, as monotherapy or in combination with cisplatin/ 5FU, are commonly used as second-or third-line 
TAS-102
TAS-102 (Taiho Pharmaceutical, Tokyo, Japan) is an oral combination drug of two active compounds: trifluridine, a thymidine analog (nucleoside antitumor agent), and tipiracil hydrochloride, a thymidine phosphorylase inhibitor, in a ratio of 1:0.5. In the international phase III RCT TAGS study carried out in 110 academic hospitals in 17 countries, 507 advanced/metastatic gastric adenocarcinomas (including adenocarcinoma of the gastroesophageal junction) patients were randomized to TAS-102 or placebo in a 2:1 ratio. 18 Eligible patients should have previously received two or more previous chemotherapies for advanced disease and had experienced radiological disease progression within 3 months of the last dose of the previous treatment. Previous regiments must have included 5FU, a platinum agent, and taxane or irinotecan or both. Grade ⩾3 adverse events occurred in 80% of patients receiving TAS-102 versus 57.7% patients receiving placebo. The most common Grade ⩾3 adverse events (AEs) included neutropenia (38%), anemia (19%), leukopenia (9%), decreased appetite (9%) and fatigue (7%).
Although there was a high rate of Grade ⩾3 neutropenia, febrile neutropenia was reported in six patients (2%) in the TAS-102 group. Dose reduction was more frequent with TAS-102 than with placebo (58% versus 22%). Overall, 13% patients in the TAS-102 group had AE-related treatment discontinuation, with most frequently reported reasons including general deterioration in physical health (n = 4, 1%), and thrombocytopenia (n = 3, 1%).
Targeted agents
Apatinib
Apatinib is an orally bioavailable, small-molecule tyrosine kinase inhibitor that highly selectively binds to and strongly inhibits VEGFR-2. In the pivotal phase III RCT conducted in China, 267 histologically confirmed advanced or metastatic adenocarcinomas of stomach patients, who failed with second-line chemotherapy with ECOG 0 or 1, were randomized to apatinib (850 mg daily orally) and placebo. 19 Patients with uncontrolled blood pressure with medication (>140/90 mmHg), those with a bleeding tendency, and those receiving thrombolytics or anticoagulants were not eligible for this trial. Apatinib showed significant clinical benefits compared with placebo in terms of OS (6.5 versus 4.7 months, HR 0.709, p = 0.0156) and PFS (2.6 versus 1.8 months, HR 0.444, p < 0.001). The major benefit of apatinib was disease stabilization at a rate of 42.05% versus 8.79% for placebo. In subgroup analysis of OS, the extent of the OS benefit was notable for patients with fewer than two metastatic sites (HR 0.7, 95% CI 0.51-0.97).
The commonest nonhematologic AEs were proteinuria (47.7%), hypertension (35.2%), and hand-foot syndrome (27.8%). G3/4 toxicities with an incidence of ⩾5% of participants included hand-foot syndrome (8.5%), liver toxicities with elevation of bilirubin (7.4%), alanine aminotransferase (ALT; 8.0%), gamma-glutamyl transpeptidase (GGT; 6.3%), and hematological toxicities with neutropenia (5.7%) and anemia (6.3%). Based on this phase III study result, apatinib was approved in October 2014 by the China Food and Drug Administration for metastatic gastric or gastroesophageal junction adenocarcinoma after second-line chemotherapy. A global phase III study on apatinib is now ongoing to confirm its efficacy and generalizability in western patients.
Regorafenib
Regorafenib is an oral multi-kinase inhibitor, which inhibits angiogenesis [epidermal growth factor receptor (EGFR)1, 2, and 3; TIE2; platelet-derived growth factor receptor (PDGFR)-alpha and beta; and fibroblast growth factor receptor (FGFR)1 and 2], cancer-associated fibroblast-induced metastasis (PDGFR), and oncogenesis (RAF, RET, and KIT). In the phase II RCT INTEGRATE study, 147 recurrent or metastatic gastric cancer (gastroesophageal junction or stomach, adenocarcinoma, or undifferentiated histology) patients who were refractory to one or two lines of chemotherapy (including prior 5FU and platinum) were randomized to oral regorafenib and placebo. 20 Patients with poorly controlled hypertension, prior anti-VEGFR therapy, and uncontrolled central nervous system (CNS) disease were excluded. Regorafenib was effective in prolonging PFS in advanced gastric adenocarcinoma in second-and third-line settings (2.6 versus 0.9 months, HR 0.40, p < 0.001) but no significant improvement in OS (5.8 versus 4.5 months, HR 0.74, p = 0.147). The most frequently seen side effects in all grades were fatigue (43.3%) and anorexia (36.1%). G3/4 toxicities with an incidence of ⩾5% of participants included hypertension (10.3%), anorexia (6.2%), rash (6.2%), abdominal pain (5.2%) and liver toxicities with elevated aspartate transaminase (AST; 9.3%), ALT (8.2%), GGT (6.2%). Hematological toxicity was uncommon.
Immune-checkpoint inhibitors (antiprogrammed cell death protein 1 monoclonal antibodies)
Nivolumab
The ATTRACTION-2 study was a double-blind, placebo-controlled phase III RCT conducted in A TRAE of any grade was reported in 60.2% of patients receiving pembrolizumab. The most common any-grade AEs were fatigue, pruritis, rash, hypothyroidism, decreased appetite, anemia, nausea, diarrhea and arthralgia. Grade ⩾3 treatment-related AEs occurred in 17.8% patients, with more common AEs including anemia, fatigue and diarrhea. Overall, 17.8% of patients experienced at least one immune-mediated AE of any grade; the most common were hypothyroidism (8.9%), hyperthyroidism (3.5%) and colitis (2.3%).
Selecting a treatment
There is no consensus on the best regiment for metastatic gastric cancer in the third-line setting internationally. The National Comprehensive Cancer Network (NCCN) recommends TAS-102 in the third-line setting and pembrolizumab for the third-line or beyond treatment in adenocarcinoma of the stomach that expressed PD-L1 with a combined positive score (CPS) of greater than or equal to 1. 23 The Japanese Gastric Cancer Guidelines suggests the use of nivolumab or irinotecan as a third-line treatment. 24 Although guidelines are useful for the general population, it is always challenging to select the best treatment for each individual patient. Factors including baseline performance status, comorbidities, disease burden and response to previous therapies should be considered in selecting the most suitable regimen for the patient. Table 2 outlines our recommendations for specific patient populations. As there is a lack of head-to-head comparisons, our recommendations rely on the subgroup analyses from pivotal studies, other prospective or retrospective studies and our own clinical experience.
Irinotecan/taxane chemotherapy
In the landmark 'salvage chemotherapy study' by Kang and colleagues, subgroup analysis showed no significant benefit of palliative chemotherapy with irinotecan or docetaxel when used in a third-line setting. 17 A Korean retrospective study with 158 patients using FOLFIRI as a third-line treatment showed a median PFS of 2.1 months and a median OS of 5.6 months with an objective response rate (ORR) of 9.6%. Independent prognostic factors related to prolonged OS and PFS were good PS (0/1), two or fewer metastatic sites and ⩾10.5 months from the first-line to third-line. 25 Since there is only level II evidence to prove its efficacy, the use of irinotecan/taxane chemotherapy should be reserved if other options are not readily available.
TAS-102
TAS-102 should be considered as a preferred third-line option across the population of patients with metastatic gastric cancer. In the TAGS study, TAS-102 demonstrated a benefit versus BSC for both OS and PFS. 18 The study included both Asian and western populations. It also included patients who used standard second-line therapies, including taxane, irinotecan and ramucirumab. Activity in the overall study population and subgroup analysis support the use of TAS-102 for patients with a heavy tumor burden In the TAGS study, 58% of patients in the TAS-102 arm needed dosing modification (i.e. dosing delay or dose reduction) because of any-grade AEs of any cause). The high rate of dose modifications raised tolerability concerns, but most of those were mainly due to myelosuppression and gastrointestinal events, which were predictable and manageable by most oncologists. Neutropenia could be managed with dosing delays or administration of granulocyte colony-stimulating factor. TAS-102 has not been studied in patients with severe hepatic or renal impairment, and may be inappropriate for patients who required other immunosuppressive therapy.
Apatinib
Apatinib has shown an improvement of 1.8 months in median OS (HR 0.709) in a Chinese phase III placebo-controlled trial. 19 It is now licensed in China as a third-line treatment. A global phase III trial is now ongoing to confirm whether the benefit can be recapitulated in the western population. Safety and tolerability data of apatinib were generally consistent with other VEGFR inhibitors with AEs including hypertension, proteinuria and hand-foot syndrome. Apatinib may be an option for Asian patients with ECOG 0, two or fewer metastatic sites, controlled hypertension, no bleeding tendency and not on thrombolytics or anticoagulants.
Regorafenib
Regorafenib could be considered as a preferred third-line option for metastatic gastric cancer. Regorafenib demonstrated PFS benefit versus BSC and no decrement in quality of life (QoL).
The benefit was maintained in the subgroup analyses for patients aged ⩾60 years, more than two metastatic sites and the presence of peritoneal metastasis. 20 Regorafenib was well tolerated with side effects mainly of hypertension, fatigue and hand-foot syndrome. There are no data on patients with severe renal or hepatic impairment. The efficacy of regorafenib is now being tested in a phase III trial (INTEGRATE II, ClinicalTrials. gov identifier: NCT02773524).
Nivolumab
Nivolumab showed an improvement in both OS and PFS. 21 Complete remission was not achieved; however, the partial remission rate was 11%. Although the absolute benefits for OS and response rate were modest, this is promising in heavily treated patients after failing multiple lines of treatment. Activity in the overall study population and subgroup analysis support the use of TAS-102 for patients with a heavy tumor burden (two or more journals.sagepub.com/home/tam 9 metastatic sites, HR 0.62, 95% CI 0.49-0.79) and previous ⩾4 lines of treatment. The survival benefit was independent of PD-L1 status. Caution should be taken when interpreting these results considering the small sample size of the PD-L1-positive subgroup. The ATTRACTION-2 study population were all Asian and whether the results are transferrable to the western populations is unclear.
Pembrolizumab
Pembrolizumab should be an attractive third-line option for tumors with PD-L1-positive or MSI-H tumors. 22 Since KEYNOTE-059 was a singlearm cohort, further randomized trials are warranted to confirm its benefit.
Future directions
The gastric cancer treatment paradigm will continue to evolve as novel agents are developed and second or third-line agents are now being evaluated in the first-line settings. The World Health Organization classifies gastric cancer into papillary, tubular, mucinous and poorly cohesive carcinomas. 26 The Lauren classification divides gastric cancer into intestinal, diffuse, and mixed types. However, these classifications do not give any predictive value when deciding the management of advanced gastric cancer.
The Cancer Genome Atlas research group categorized gastric cancer into four groups by comprehensive molecular characterization: Epstein-Barr virus (EBV) -positive, MSI, genome stable (GS) and chromosomal instable tumors (CIN). 27 EBV-positive tumors (9% of cases) are characterized by EBV infection and showed extensive DNA promoter hypermethylation. They have the highest frequency of PIK3CA mutations (80%), and amplifications of JAK2 or PD-L1/L2 genes. The MSI subgroup (22% of cases) was characterized by genomic instability, due to a deficient DNA mismatch repair system, and lacked targetable amplifications. This subtype shows hypermethylation of the MLH1 promoter region and a very high mutation rate with hotspot mutations involving several genes like Her-2, Her-3, EGFR, JAK2, FGFR2, MET, and PIK3CA. In addition, MSI tumors have a high rate of PD-L1 expression which could make them very sensitive to checkpoint inhibitors. The GS subgroup (20% of cases) is related to CLDN18, RHOA, ARID1A mutations. In CIN tumors (50% of cases), genomic amplifications are frequent, with involvement of different tyrosine kinase receptors or related pathways.
Evidence showed that two subgroups of gastric cancer, as characterized by MSI-H and EBVpositive status, which may benefit from immunotherapy. Studies are currently underway to test pembrolizumab as first-line or second-line treatment for patients with advanced gastric cancer. Improving PFS in an earlier line of treatment would probably change the treatment strategies and improve the overall outcomes.
Tumor-specific biomarker stratification is likely to be relevant to targeted and immunotherapy approaches. However, it is not yet used for patient stratification or selection. Future studies are warranted to focus more on gene signaling to guide patient selection.
From KEYNOTE-059, ATTRACTION-2 and Javelin-300 28 (which evaluated avelumab with chemotherapy), the response rates in these studies are all around 10%. In these studies, responses are observed in both PD-L1-positive and negative tumors, suggesting PD-L1 status is not a robust biomarker in gastric cancer. Another important note is the method of interpretation of PD-L1 positivity in different trials. KEYNOTE-059 counts tumor and stromal immune cells towards total PD-L1 positivity (CPS) while ATTRACTION-2 counts PD-L1 staining on tumor cells (i.e. tumor proportion score) only. 21, 22 This also accounts for the differences in PD-L1 dependence in KEYNOTE-059 and ATTRACTION-2. Future studies are warranted to focus on the biomarkers to separate responders and nonresponders to guide patient selection for immunotherapy.
Trials testing on the combination of immunotherapy with targeted agents or chemotherapy are ongoing. A phase I study with a combination of ramucirumab and durvalumab showed a promising response rate of 36% in patients with PD-L1 ⩾ 25%. 29 The combination approach should be explored in the first-line to late-line treatment.
The majority of patients in the above trials did not receive ramucirumab in the second-line. Even in trials with the involvement of patients using ramucirumab in the second-line (TAS-102 and nivolumab), the OS was not significantly improved in the subgroup analysis. Further studies should be performed to have the optimal treatment sequencing for prolonging survival and preserving QoL.
Gastric cancer patients with progression after two lines of palliative systemic treatment usually have poor prognosis and short life expectancy. Endpoints on survival or PFS may not be the most suitable outcome. 'Quality-adjusted survival' or 'time of preservation of functional capacity or independence' might also be used as outcome measures in future research.
Conclusions
There is emerging evidence to support the efficacy of third-line systemic treatment in gastric cancer. RCTs with chemotherapy (TAS-102), targeted therapy (apatinib, regorafenib) and immunotherapy (nivolumab) all reported significant survival benefits. Future studies with a combination of chemotherapy, targeted agents and immunotherapy may help to maximize the benefits in both survival and QoL. Research on treatment-specific predictive biomarkers are warranted to identify optimal patients for third-line therapies.
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